The electrode potential dependence of the CI-NEB energy profiles were estimated using the Chan-Nørskov charge-extrapolation scheme 1,2 . Since each CI-NEB image along the optimized reaction path corresponds to a different governing electrode potential and surface charge due to fractional charge transfer, constant electrode potential profiles are derived in practice by referencing each CI-NEB image to a single chosen reference state (e.g. the 3rd CI-NEB image) in accordance with Equation (8) in the main text. The electrode potential at this reference state sets the constant electrode potential for the corrected "grand canonical" energy profile. Performing this procedure using every single CI-NEB image as a reference state in turn with each state corresponding to a different electrode potential (and surface charge), a set of constant potential energy profiles with as many members as there are images in the CI-NEB calculation is obtained. Shifting each energy profile finally such that the energy of the initial state is at 0 eV yields the constant electrode potential energy profiles reported in the main text.
S2c can be used to estimate the differential capacitance of the NCNT according to
where σ is the surface charge density, q the surface charge, Σ is the model NCNT surface area (ca. 440 Å 2 ) and U is the electrode potential. This yields the approximate value 2 ± 1 µF cm −2 , which increases to 3 ± 1 µF cm −2 upon hydrogen adsorption. The error margin corresponds to the standard error of the fit. The capacitance estimates are of the same order of magnitude as previous experimental estimates for pristine CNTs in dilute electrolyte 3 . Figure S1 : a) Electrode potential vs. SHE and b) Hirshfeld surface charges as determined from the CI-NEB configurations of the Volmer reaction. The change in electrode potential as a function of the surface charge is illustrated in c). Note that the legend in a) refers to all panels. Figure S2 : a) Electrode potential vs. SHE and b) Hirshfeld surface charges as determined from the CI-NEB configurations of the Heyrovský reaction. The change in electrode potential as a function of the surface charge is illustrated in c). Note that the legend in a) refers to all panels. An asymptotic fit has been added to estimate the limit at which successive block averages become uncorrelated.
Constrained MD simulations -Forces and errors
To calculate error margins for the sampled forces of constraint we have applied the block averaging method 4 in conjunction with the statistical inefficiency test 5 to appropriately account for correlation within the data. Briefly, the data Lagrange multiplier vs. MD step 
In practice, we fit an asymptotic function of the form f (τ b ) = a 1 − e −bτ b to the data and estimate the limit as
At the limit, successive block averaged datasets are (approximately) statistically uncorrelated, allowing the estimation of the proper variance of the mean as The uncertainty in the obtained free energy profiles was calculated using the determined variances, including the effect of error propagation upon thermodynamic integration. Employing the cumulative (composite) trapezoidal method, the integral can be written as
Since the calculated variances σ 2 ( λ(ξ) ξ ) have been appropriately decorrelated (zero covariance), the variance of the mean free energy at a given ξ is obtained using the total differential as
Finally, the obtained variances of the mean free energy were used to compute error limits corresponding to the 95 % confidence intervals by taking the square root of the variance to get the standard error of the mean and subsequently multiplying by 1.96.
Grotthuss mechanism
To illustrate the initiation of the Grotthuss proton shuttling mechanism in the constrained MD simulations (unrestrained ensemble), the time evolution of the O-H distances of the Volmer and Heyrovský reactions are plotted in Figure S5 for the transition state and two immediately following trajectories. Please see the main text for the definition of the atomic labels. While such a simulation would correspond to a truly realistic electrochemical system, the practical, efficient implementation of grand canonical DFT is highly non-trivial and beyond the scope of the present work. The change in the averaged surface charge along the reaction paths is, on the other hand, well equilibrated and exhibits very similar behavior as in the CI-NEB calculations. Plotting the electrode potential vs. the surface charge in Figures S6c and S7c allows again for an estimation of the differential capacitance. The obtained estimate is 4 ± 2 µF cm −2 which increases to 7 ± 2 µF cm −2 upon hydrogen adsorption. The error margin corresponds to the standard error of the fit. Although the errors are larger than for the static calculations due to potential fluctuations, the results are qualitatively similar and agree again roughly with the previous experimental estimate for pristine CNTs 3 (< 10 µF cm −2 in a dilute electrolyte).
